In a prospective study at Sultan Qaboos University Hospital, 95 premature infants with birthweights equal or less than 1500 g were screened for intraventricular haemorrhage (IVH) using cranial ultrasound. Nineteen (20 per cent) were found to have developed IVH. Eight out of fourteen variables studied showed a significant difference between infants who did and those who did not develop IVH. These variables were Apgar score at 1 and 5 min, mechanical ventilation (IPPV), blood transfusion, receiving boluses of sodium bicarbonate for correction of metabolic acidosis, the degree of acidosis, the degree, and duration of hypercarbia (CO 2 > 8 kPa).
Introduction
Premature infants are at high risk of developing both haemorrhagic and ischaemic brain injury. ' The majority of haemorrhages occur during the first 3 days after birth, with over 90 per cent occurring during the first week. 2 
'
Many pathogenic factors have been proposed as having a relationship with intraventricular haemorrhage in preterm infants. 4 " 7 The aim of this work was to study the incidence and the risk factors thought to be associated with IVH in a group of premature infants.
Patients and Methods
This was a prospective study concerning preterm infants with birthweight equal to or less than 1500g who had been admitted consecutively to the neonatal intensive care unit of Sultan Qaboos University Hospital between June 1993 and May 1994. They were first examined by cranial ultrasound during the first 72 h of life and at 2 weeks postnatally and before discharge from the unit. Emergency scan was also done when needed. The images were obtained by using a high-resolution (5 MHz), real time sector scanner in both corona) and sagittal projections through the anterior fontanelle; a water-soluble-gel (Aquasonic) was used as a coupling agent. All the infants were scanned by the same radiologist who was unaware of the infants' clinical condition. Staging was performed using the grading suggesting by Papile et al. 8 Grade 1 haemorrhage is confined to the subependymal germinal matrix; grade 2 haemorrhage is an intraventricular haemorrhage without ventricular dilatation; grade 3 haemorrhage is an intraventricular haemorrhage with ventricular dilatation; and grade 4 haemorrhage is intraparenchymal haemorrhage. All pertinent information, such as birth weight, gestational age, sex, details of respiratory support, administration of blood transfusion, and sodium bicarbonate was obtained from the medical records.
Fourteen variables considered to be possible risk factors were recorded prospectively. The clinical evidence of patent ductus arteriosus was confirmed by echocardiography. All infants receiving oxygen therapy had continuous monitoring via pulse oximeter and by arterial blood gas measurement through umbilical or peripheral arterial sampling. Risk factor exposure during the period from birth until the appearance of a positive scan (IVH) was compared with exposure to the same factors in unaffected infants in the period from birth until the time of discharge from the neonatal unit.
Statistical analysis
Categorical data were analysed by using the standard chi-square test, and continuous data were analysed by using student /-test to determine the dependent variables associated with the development of IVH. The difference was considered to be statistically significant when the P value was <0.05.
Results
Nineteen out of 95 premature infants developed IVH (20 percent). The mean birth weight of cases with IVH was 1131 g (range: 660-1500 g) and the mean gestational age was 28 weeks (range 24-34 weeks). Thirty patients were inborn. Twelve (40 per cent) of them developed IVH. Table 1 shows the distribution of grades and rate of survival after IVH. Table 2 shows the birth weight, gestation, grade of haemorrhage and outcome. IVH was the cause of death in two patients with grade IV haemorrhage. Out of babies who survived the IVH event, six died due to other causes such as septicaemia, necrotizing enterocolitis, and respiratory failure: one with either grade I, II, and III, and three with grade IV. Three patients with grade III haemorrhage showed ventricular dilatation and one infant had clinical hydrocephalus.
Factors associated with FVH
Eight out of the 14 variables analysed showed a significant difference between infants who did and those who did not develop IVH on x 2 or r-test (Table  3) . These variables were Apgar score at 1 and 5 min, mechanical ventilation (IPPV), blood transfusion, receiving boluses of sodium bicarbonate for correction of metabolic acidosis, the degree of acidosis, the degree, and duration of hypercarbia (CO 2 > 8 KPa).
There was no statistically significant difference in birth weight, gestational age, sex, place of delivery, treatment with continuous positive airway pressure (CPAP) alone, and presence of patent ductus arteriosus (PDA) between the two groups ( Table 4) .
Discussion
The overall incidence (20 per cent) of IVH in this study is lower than that reported in other studies. 8 " l0 This may reflect inclusion bias as this incidence is doubled when only inborn babies were considered." A large number of the high risk outbom babies did not sustain the IVH event. The incidence of IVH is inversely related to gestational age and birth weight.
1 Because only babies <1500g birth weight were considered in our study an association of IVH with prematurity and low birth weight was not observed. 13 Pathogenesis of IVH is multifactorial and may consist of a combination of intravascular, vascular and extravascular factors and to some extent different combinations of these factors are operative in different patients. 6 Fluctuation in systemic arterial and venous blood pressure are common in sick preterm infants, and autoregulation of cerebral blood flow is impaired. Elevations of cerebral venous pressure may contribute to the occurrence of IVH. The 14 This will lead to increased cerebral venous pressure. The importance of increased venous pressure in association with asphyxia in the causation of IVH has been shown in experimental studies of preterm fetal sheep." It seems likely that increased venous pressure may contribute to the propensity to IVH observed after serious asphyxia. Other factors associated with asphyxia such as ischaemic injury to germinal matrix and hypercarbia are also important. In our study, mechanical ventilation was found to be a significant factor in IVH group. Recent data suggest that such factors as positive pressure ventilation with relative high peak inflation pressure, tracheal suctioning, abnormalities of the mechanics of respiration and pnuemothorax may be major causes of increased cerebral venous pressure in the premature infant. l4> ' 6 The degree and duration of hypercarbia were significant factors associated with IVH in our study. Hypercarbia is a common accompaniment of respiratory distress syndrome, respiratory complications, apnoeic episodes and so forth, and has been demonstrated conclusively to be a potent means of increasing cerebral blood flow in experimental studies."~1 9 An increased risk of IVH following hypercarbia is suggested in several studies. 20 " 22 Blood gas analysis showed that babies who developed IVH had a significantly lower pH compared to the other babies. Acidosis is a powerful vasodilator stimulus, and its role in cerebral blood flow regulation is well described. 23 It has also been shown to be associated with the development of IVH. 24 In our study, blood transfusion and giving sodium bicarbonate for correction of metabolic acidosis (pH < 7.25) were found to be significant factors in patients with IVH. The role of rapid volume expansion involves not only administration of blood or other colloids, but also the administration of hyperosmolar materials, such as hypertonic sodium bicarbonate. A pressure-passive cerebral circulation may both be the sole or even the principal means by which such infusions may lead to IVH, particularly in the case of sodium bicarbonate. Although the dangers of rapid infusions of hyperosmolar solutions had been noted for many years, an association of IVH in the premature infant administered sodium bicarbonate was emphasized initially by Simmons and colleagues 25 from study of an autopsied population. The association was later confirmed in a CT study of premature infants, and the importance of rapidity of infusion was made apparent. 26 Conflicting reports on the pathogenetic role of sodium bicarbonate 12 ' 27 " 31 relate in part to the failure to take into account such factors as rapidity of administration and also the problems of extrapolating data to living infants from studies of dead infants 31 particularly in the case of IVH. At any rate the mechanism for the effect of rapid infusion of hyperosmolar sodium bicarbonate on intracranial hemorrhage may relate in part to the abrupt elevation of arterial pressure of carbon dioxide (PaCO 2 ) which occurs in the poorly ventilated or nonventilated patient from the buffering effect of the bicarbonate. The elevated PaCO2 would then act on cerebral arterioles (by causing an increase in perivascular H + ion concentration) to increase cerebral perfusion. 6 In summary, using cranial ultrasound we were able to define the incidence of IVH and to study some of the risk factors associated with it in preterm infants admitted to the neonatal intensive care unit. Close monitoring and proper management of this high risk group will help to reduce the incidence of IVH.
